neous group of conditions that are present at birth, or emerge in childhood, and include such diagnoses as intellectual disability (previously called "mental retardation,") cerebral palsy, autistic spectrum disorders, epilepsy, learning disabilities, attention deficit disorder, and other neurobehavioral conditions. While the etiology of some DD is purely genetic, such as Down syndrome or fragile X syndrome, other DD are due to complex interactions between genes and environment and some are purely caused by environmental toxicants alone. 2 Experts convened by the National Academy of Sciences estimate that 3% of DD are directly caused by environmental toxicants and another 25% are due to interactions between environmental factors and individual genetic susceptibility. 3 For additional core information about DD and about environmental health and DD in particular, visit the Web site for the American Association on Intellectual and Developmental Disabilities (www.aaidd.org.) and read about its Environmental Health Initiative.
Many researchers believe that the incidence of DD is rising and that environmental 287
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toxicants are partly responsible. A multisite surveillance network sponsored by the Centers for Disease Control and Prevention (CDC) reported that the prevalence of autism spectrum disorders among 8-year olds was an alarming 1 in 150 children. 4 While a number of susceptibility genes appear to be associated with autism, prenatal and early infancy exposure to mercury-containing compounds, halogenated aromatics, pesticides, and certain pharmaceuticals (such as thalidomide and valproic acid) are thought to be responsible for at least some of the increasing numbers of children with this disorder. 5 One in 6 children now faces some form of neurodevelopmental delay. 6 Many of these are the direct consequences of maternal alcohol, tobacco, or drug use. In some children, neurodevelopmental delays are attributed to prenatal or postnatal exposure to environmental toxicants (including lead, mercury, pesticides, and solvents) or to nutritional deficiencies, either prenatally or postnatally.
Environmental toxicants are a particularly important etiology of a subset of DD termed neurobehavioral disorders. According to one estimate, about 10% (range 5%-20%) of neurobehavioral disorders are caused by environmental toxicants, exclusive of alcohol, tobacco, or drugs of abuse. 7 The estimated costs of neurobehavioral disorders in the United States attributed to environmental toxicants are a staggering $9.2 billion annually. 3 The impact of environment on the health of individuals with DD extends beyond the etiology of the disability. In individuals with established DD, environmental exposures can cause additional health problems, including asthma, dermatologic conditions, headache, and certain cancers.
An additional consideration is that individuals with DD now live longer lives. In the United States alone, an estimated 641,000 adults with DD are 60 years or older. 8 There has been essentially no research on the cumulative impact of environmental toxicants on this older cohort of individuals with DD.
A united effort of self-advocates, families, and professionals in public, environmental, and community health is necessary to address the ever-expanding and complex problem of environmental health and DD. To begin, there is a widespread lack of knowledge, among lay and professional groups, about the role of environmental toxicants as both primary and secondary causes of disability. Second, it is often difficult to recognize when environmental toxicants are affecting the health of a particular individual with DD. Lastly, preventing exposure to environmental toxicants often requires individual, institutional, and community-wide action. For more information, see the "Recommendations" and "Resources" sections in the Appendix, or contact AAIDD.
COMMON PRENATAL AND CHILDHOOD TOXICANT EXPOSURES
In the womb, the developing fetus receives nutrients from the mother via the placenta. To foster growth, some of the nutrient transport mechanisms involving the placenta shunt nutrients from the mother to the fetus, achieving far greater concentrations in the fetus than those in the mother. Unfortunately, certain environmental toxicants utilize these same nutrient transport mechanisms, shunting environmental toxicants from the mother into the fetus. Alcohol, lead, and mercury are examples of toxicants that selectively concentrate in the fetus.
An analogous process occurs with breast milk production. Just as some nutrients are concentrated into breast milk, so can some environmental toxicants achieve higher concentration in breast milk than in the mother's body, again exposing the developing infant to potentially greater harm.
During prenatal neurodevelopment, and in the first years of life, the brain is particularly vulnerable to neurotoxic effects of environmental exposures. Neurotoxicants interfere with essential developmental central nervous system processes, including cell proliferation, cell migration, formation of connections between nerve cells, programmed cell death, and myelinization. 
Lead
Lead is a metal that damages the nervous system, leading to decreased learning ability and behavioral deficits. It is also a reproductive toxin and a carcinogen. Lead's wide range of neurotoxic effects includes learning disabilities, hyperactivity, impaired hearing, behavioral tendencies toward violence, and even brain damage. 10 While the CDC and the American Academy of Pediatrics currently identify 10 μg/dL as a threshold blood lead level for concern, other studies suggest that even lower blood lead concentrations may impair cognition. 11 Thus, there may be no truly "safe" blood lead level that is free of adverse effects on the nervous system.
Maternal lead exposure can result from occupational or renovation-related activities, accidental dietary ingestion of leadcontaminated food or calcium supplements, or pregnancy-associated pica behavior, the ingestion of nonfood items. Preventive education to women in the childbearing years should include the following: (1) avoid work or hobby activities that may result in lead exposure, including renovations of an older home and (2) take calcium supplements distributed by well-established companies, avoiding "natural" remedies that may contain ground bone, a potential source of lead. During pregnancy, sensitive questioning about pica behavior should occur at each prenatal visit. In some women, chewing and/ or ingestion of pieces of ceramic pottery has resulted in an elevated lead level in both mother and newborn.
Infants may acquire lead via breast milk; however, this is extremely rare and usually does not occur at a clinically significant rate unless the maternal blood lead level is more than 25-30 μg/dL. 12 In general, women should not refrain from breast-feeding because of any theoretical fear that their breast milk is contaminated by lead.
Infants and young children absorb lead more avidly than adults. Crawling and mouthing behaviors also predispose children to greater lead exposure. Children with autism spectrum disorder or pervasive developmental delays appear particularly vulnerable to lead poisoning. 13 As long as individuals with DD engage in pica behaviors, they remain at risk for lead exposure, regardless of chronological age.
While the average blood lead concentration of school-aged children in the United States has decreased markedly since the removal of lead from gasoline and common household paints, some children remain at disproportionately higher risk of lead exposure and poisoning. Among these are children with DD. 10 Extrapolating data from The Third National Health and Nutrition Examination Survey, an estimated 310,000 children aged between 1 and 5 living in the United States still carry lead levels of 10 μg/dL or greater. 14 The cost of lead poisoning in the pediatric population of the United States has been estimated at $43.4 billion annually. 3 In the United States, both the CDC and the American Academy of Pediatrics recommend that all children have their blood lead levels measured at the ages of 1 and 2 years. Since these recommendations were made in 1991, median blood lead concentration has decreased among US children, although Black children and poor children tend to still have higher levels of lead concentration likely due in part to older housing conditions. Universal screening for excessive lead levels and targeted screening among these higher-risk populations remain a core part of the national strategy to reduce morbidity and mortality from lead exposure. As long as individuals with DD engage in behaviors associated with lead exposure, for example, mouthing, crawling, or eating nonfood items, they should be considered at risk for lead exposure and may require lead screening at ages exceeding general population guidelines.
Individuals working in health, education, mental health, and child care sectors all need to learn about the magnitude of the lead problem in their local community. They should seek every opportunity to educate parents, and those who work with or care for children, about common sources of lead and about
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developmental behaviors predisposing to lead ingestion. 15 
Mercury
Mercury is a known teratogen and, like lead, it is linked to many nervous system disorders. 16 Prenatal exposures to mercury can impair many neurocognitive functions, including thought processing, memory, attention, and fine motor skills.
Atmospheric mercury from industrial sources is converted into methyl mercury and becomes bio-concentrated as it moves up the food chain. The most common maternal mercury exposure is methyl mercury, acquired through dietary sources, primarily larger fish (swordfish, shark, king mackerel, and tilefish). Methyl mercury then accumulates in the fetus achieving concentrations in the fetus that are greater than those in the mother. In adults, following a single exposure, whole body elimination of mercury requires 70-80 days. 17 Like lead, mercury is able to cross the placenta from the maternal circulation into the fetus. Mercury is also found in breast milk but at concentrations that are one third of the mother's blood levels. Mercury levels of breast-fed infants are highest immediately after birth, declining significantly by 2-3 months age. 18 Women who are pregnant (or who might become pregnant, given the long time required to eliminate mercury) can avoid mercury ingestion by avoiding consumption of those larger fish listed above. Instead, they should consume seafood that is typically lower in mercury: ocean perch, haddock, shrimp, canned light tuna, wild salmon, pollock, and catfish. Albacore "white" tuna usually contains more mercury than canned light tuna. Fish ingestion should be limited to 12 oz per week, typically 2 average servings. 19 Less commonly, mercury exposure occurs through vapor inhalation of elemental mercury from broken equipment gauges, thermometers, blood pressure gauges, or other electrical/industrial devices, such as broken fluorescent light bulbs. Even in small amounts, an elemental mercury spill on carpeting may emit fumes for years. Exposure to elemental mercury can be diminished through avoidance of contact with liquid mercury that has spilled, adequate ventilation of the room(s) where a spill has occurred, and prompt reporting of broken gauges or thermometers to local hazardous waste/ environmental agencies.
Smoking
Whereas other toxicants directly injure the developing fetal brain, nicotine causes fetal harm, in part, by constricting the placental vessels that provide nutrients, including oxygen, to the fetus. There is also evidence that maternal tobacco use is directly neurotoxic. Fetal nicotine exposure occurs through maternal tobacco use and through maternal exposure to environmental tobacco smoke (ETS), more commonly known as secondhand smoke. Infant exposure to nicotine occurs through inhalation of ETS and through breast milk.
Infants born to mothers who smoke are more likely to be small for gestational age, with a lower birthweight and smaller head circumference. 20 The risk of sudden infant death syndrome is 5 times greater among infants whose mothers smoked during their pregnancy. 20 Children born to mothers who smoked during their pregnancy have higher rates of learning disorders, attentiondeficit/hyperactivity disorders, and disruptive behaviors. 21 A systematic review of the literature regarding smoking cessation programs targeting pregnant women confirmed that such programs effectively reduce the proportion of pregnant women who smoke, reduce low birthweight, and reduce preterm birth. 22 Beyond the smell, cigarette smoking releases tiny particles that attach to curtains, upholstery, carpets, and walls. These particles are eventually inhaled. Postnatal ETS has been linked to many adverse health outcomes in children, including decreased lung growth and increased rates of asthma, respiratory tract infections, and otitis media (ear infections). 23 Even low levels of ETS exposure is associated with reduced cognitive abilities among children and adolescents. 24 In a study conducted by the CDC, more than half of all nonsmokers in the United States older than 3 years had detectable amounts of cotinine, a metabolic by-product of nicotine, in their blood. 25 Alarmingly, nonsmoking children and teenagers carry even higher levels of cotinine than nonsmoking adults. 24 If exposure to ETS is unavoidable in the home, it is advisable to keep the smoke outdoors so that it does not collect in carpeting, fabrics, and other household items that absorb the toxicants present in tobacco smoke.
Alcohol
Alcohol consumption during pregnancy remains the foremost preventable cause of DD in the United States today. 26 Prenatal exposure to alcohol can produce a wide range of structural, behavioral, and neurocognitive anomalies termed fetal alcohol spectrum disorders. 27 These include fetal alcohol syndrome, alcohol-related birth defects, and alcohol-related neurodevelopmental disorder.
In the fetal brain, alcohol interferes with the genesis, proliferation, migration, maturation, and programmed death of nerve cells. In addition to its nervous system injury, fetal alcohol exposure can cause anomalies of the face, kidneys, heart, and skeleton. The exact pathophysiologic mechanism is unknown, but alcohol and its metabolites are known to disrupt cellular differentiation and growth, DNA and protein synthesis, and cell migration. Alcohol interferes with the placental transfer of many nutrients, including amino acids, glucose, folic acid, and zinc.
Fetal alcohol spectrum disorders are thought to affect between 1% and 3% of children in the United States. 28 Despite these risks to the fetus, national Behavioral Risk Factor Surveillance System data indicate that among pregnant women in the United States, 10% use alcohol, 2% drink 7 or more alcoholic drinks per week, and 2% engage in binge drinking, defined as 5 or more drinks on any 1 occasion. 26 Screening for alcohol use in pregnancy and brief interventions to reduce alcohol use have been shown to decrease the percentage of alcohol-exposed pregnancies. 28 Two screening measures specifically targeting alcohol use in pregnant women have been developed, the T-ACE and TWEAK. Questions about tolerance: "How many drinks does it take before you feel high?" and "How many drinks can you hold?" (ie, "How many drinks does it take before the alcohol makes you fall asleep or pass out?") are particularly helpful in uncovering pregnant women who might otherwise deny or underreport their alcohol use. Screening for alcohol use alone, without additional intervention, reduces prenatal alcohol consumption. 29 Brief interventions to decrease alcohol exposure during pregnancy are sessions typically lasting 15 minutes in duration or less and may be single or multicontact. The content of these sessions includes education about alcohol abstinence, goal setting, and brainstorming; these often incorporate techniques derived from motivational interviewing models. In one study, brief intervention for alcohol use in pregnancy was most effective among the subgroup of heavier drinkers, whose partners were involved in the brief treatment. 30 There is no established safe level of alcohol consumption during pregnancy. Pregnant women are advised to refrain from drinking any alcohol whatsoever throughout the pregnancy.
NUTRITION AS A PROTECTIVE FACTOR AGAINST TOXICANTS
Specific nutritional deficiencies may be the primary cause of some DD, as exemplified by the relationship between folate deficiency and myelomeningocoele. 31 However, for the purposes of this article, discussion is limited to the protective effect of specific nutrients against specific environmental toxicants.
Zinc deficiency acts as a coteratogen with alcohol. 32 In alcohol-exposed pregnancies,
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low birthweight, malformation, and growth depression are more common when both alcohol exposure and zinc deficiency are simultaneously present. Suboptimal zinc intakes appear to be common in pregnancy. 33 Optimum zinc, calcium, iron, and vitamin C intakes are relevant to lead exposure. Individuals of all ages consuming diets that are adequate in iron, calcium, vitamin C, and zinc absorb less lead from the intestinal tract and suffer less injury from what lead is absorbed. 34 Therefore, families whose children are at higher risk for lead poisoning should be counseled about dietary sources of these critical nutrients. Additional information regarding dietary sources of these nutrients is available online through the National Institutes of Health, Office of Dietary Supplements. (http://ods.od.nih.gov/ Health Information/Vitamin and Mineral Supplement Fact Sheets.aspx).
TOXIC EXPOSURES IN AND AROUND THE HOME AND SCHOOL
Environmental toxicants accumulate in the developing fetus prior to birth and continue to accrue throughout childhood, representing a "body burden"for each child. 35 These exposures occur in the home, in the school, and in other community settings.
It is important to identify toxic exposures in and around the home because there may be a sizable cumulative effect of these exposures. Many exposures, such as cleaning products and pesticides, can be easily avoided or limited. Alarmingly, an estimated 3-4 million children and adolescents live within 1 mile of a federally designated Superfund site. 36 While families may have limited resources to control where they live, they do exert significant control over critical aspects of their home environment.
Potential sources of toxicants in the home include cleaning products, pesticides, paints and varnishes, building materials, pet care products, plastics, and hobby materials. Cleaning products, air fresheners, and personal care products (such as soaps, shampoos, hand lotion, nail polish, perfumes, and cosmetics) may also contain toxic chemicals, such as phthalates, a class of oily chemical compounds used in plastic to improve flexibility and durability that are linked with cancer, hormonal disruption, and birth defects. 37 Practices such as washing plastic baby bottles or drinking bottles made out of polyvinyl chloride plastic, or microwave heating food in plastic containers, may leach dangerous chemicals such as dioxin and bisphenol A out of plastics. 38 Pesticides and herbicides can be found on food, in chemical tick-and flea-collars, flea baths or dips for pets, in lawn and garden weed killers and bug sprays, and in indoor products such as rat poison and ant traps. Carpets, furniture, and house dust can serve as reservoirs for pesticides. Indoor pesticide levels are most concentrated in the air just above floor level. 39 While healthcare providers may readily recognize acute poisoning by organophosphate pesticides, they may fail to identify the more subtle manifestations of chronic exposure. 39 Children repeatedly exposed to high levels of pesticides in the home or in schools have been shown to display hyperactivity and other behavioral disorders and to suffer impairments in short-term memory and eye-hand coordination. 40 To minimize indoor contamination with outdoor pesticides, remove shoes worn outside when entering indoors, dry off pets when they return indoors, and damp mop the floor frequently.
Children and adults may be exposed to toxicants such as pesticides, cleaning chemicals, and poor indoor air quality (IAQ) in schools and vocational training sites. 41 Exhaust from buses can easily travel indoors and be circulated along with other indoor contaminants throughout the school. Toxicants in solvents may be found in paints, model building, furniture refinishing, and auto repair. Potentially harmful art supplies include rubber cement, permanent felt-tip markers, pottery glazes and enamels, and spray fixatives. 42 The US Government Accountability Office released a report finding that more than Environmental Health and Developmental Disabilities 293 half of schools in the United States have IAQ problems in at least some part of their campuses. 41 Poor IAQ in schools can impact the comfort and health of students and staff, which, in turn, can affect concentration, attendance, and student performance. Moreover, if schools fail to respond promptly to poor IAQ, students and staff are at an increased risk of short-term health problems, such as fatigue and nausea, as well as longterm problems like asthma. 43 A child with DD may be especially vulnerable to these outcomes. Table 1 lists common toxicants and ways to minimize exposure.
ENVIRONMENTAL HEALTH IN ADULTHOOD AND LATE LIFE
Following completion of their educational program, employed adults with DD may encounter potentially injurious environmental toxicants in the workplace. 44 They may not recognize such exposures as potentially harmful or may not link their symptoms or health problems to their work environment. Even if they suspect an environmental health problem, they may be reluctant to report it for fear of losing their employment, given the scarcity of job opportunities.
Persons with DD are commonly exposed to ETS from their families, peers, and support persons at residential and work environments. Environmental tobacco smoke not only measurably increases the risk of lung cancer in nonsmokers but also increases the risk of heart disease. Nicotine in particular is also linked to acute increases in heart rate and blood pressure. Environmental tobacco smoke exposure nearly doubles the risk of myocardial infarction. Nonsmokers who have high blood pressure or high blood cholesterol level are at even greater risk of developing heart diseases from ETS. 25 Persons with DD and their advocates need to recognize the health value of tobacco-free work and residential environments.
Individuals requiring more personal assistance and who have limitations in mobility may be particularly subject to environmental tobacco exposure or other environmental toxicants. Fragrances, indoor air sprays, fabric softeners, and fumes from cleaning products may cause discomfort or more serious symptoms such as irritation to the eyes, nose, or throat, and individuals may experience nausea, dizziness, or headaches. Persons with limited mobility or verbal skills are less able to escape from these exposures, thus placing them at higher risk for secondary health concerns.
Adults who engage in pica are at additional risk for exposure to hazardous toxicants in the environment. Cleaning products, personal care products, and other potentially harmful items should be kept secure from adults who engage in pica. Contact information for local poison control centers should be prominently displayed at home, school, and workplace and they should be contacted immediately if a potentially harmful ingestion has occurred. "Green cleaning," involving the use of cleaning products with less toxicity, can minimize adverse health outcomes from these exposures. 45 Many individuals, with and without DD, take imported health remedies or consult traditional, complementary, and alternative medicine practitioners without their healthcare provider's knowledge. Increasingly, it is recognized that some of the products obtained through these sources may contain lead, mercury, heavy metals, or other potentially harmful toxicants. Healthcare providers should carefully inquire about nonprescription substances when examining individuals for illness due to possible toxic exposures.
Individuals diagnosed with "sentinel health conditions" such as asthma, contact dermatitis, bladder cancer, or peripheral neuropathy should undergo a careful evaluation of their occupational and home environments for potential exposures that may have initiated or contributed to these conditions. Unexplained signs and symptoms, such as cough, eye irritation, itchy or sensitive skin, runny nose, or behavioral problems should prompt consideration of possible environmental factors. Consultation with a local occupational medicine There is a dearth of information about environmental health and the aging adult with DD. In the general elder population, air pollution worsens the severity of asthma and chronic obstructive pulmonary disease and can trigger hospitalization for congestive heart failure and cardiac arrhythmias. 46 Given the high frequency of comorbid conditions and frailer health, it is likely that aging adults with DD are even more susceptible to environmental stressors than the general elder population. Thus, when there are community-wide alerts about environmental hazards, such as air pollution involving carbon monoxide, sulfur dioxide, or airborne particulate matter, elders with DD should be carefully observed for possible adverse health effects.
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CONCLUSION
Environmental toxicants affect the health of individuals with DD across the life span. To begin with, one quarter of DD are wholly or partially attributable to environmental exposures. Furthermore, compared to the general population, persons with established DD are more vulnerable to additional injury from subsequent exposures in part because they have less control over their exposure to and escape from toxicants. Much more research is necessary to better understand environmental health issues in persons with DD, particularly the aging adult.
This review describes some of the more common environmental health hazards for individuals with DD throughout the life span and offers strategies to minimize their health impact.
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Appendix
Recommendations
• For individuals
Know what toxicants you may be exposed to at work, through gardening and other hobbies, and through household cleaning, home remodeling, and other indoor household activities. Consider environmental risks according to the developmental level of your child, not his age. For example, if your older child often puts nonfood items in his mouth and spends much of his time on the floor, his risk for lead poisoning may be more like that of a toddler. Consider how optimum nutrition can ameliorate some of the environmental health hazards facing your family member. Remember that family members may not be able to communicate symptoms from environmental exposures. They may not be able to report shortness of breath from exposure to flowers or cleaning products, or headaches from carbon monoxide.
• For communities Schools have many hazards. When a child with DD sits at a desk that has been treated with disinfectants and is in environmental conditions with poor ventilation systems, the child may be more vulnerable to adverse health outcomes. Poor indoor air quality (IAQ) can impact the comfort and health of students and staff, which, in turn, can affect concentration, attendance, and student performance. In addition, if schools fail to respond promptly to poor IAQ, students and staff are at an increased risk of shortterm health problems, such as fatigue and nausea, as well as long-term problems like asthma. 41, 43 A child with DD may be especially vulnerable to these outcomes. Superfund sites: Learn whether your community is near a Superfund site, what are the potential health risks, and how you can help mobilize your community to remove the hazard.
• State and federal activities 
